1.

General information
Physical data were measured as follows: 1 H (500 MHz) and 13 Analytical thin layer chromatography (TLC) was performed on Merck silica gel 60F 254 precoated plates (Merck). The silica gel used for column chromatography was Wakogel C-200 (particle size 75-150 m) or Wakogel 100 C18 (Wako Pure Chemical Industries). DNA concentrations were determined on a NanoDrop 1000 (Thermo Fisher Scientific, Inc.). UV-vis spectra were recorded on a UV-vis spectrophotometer UV-1800 (Shimadzu Corp.). Capillary electrophoresis was performed on a Bioanalyzer 2100 (Agilent Technologies Inc.) with DNA 1000 LabChips.
2.
Synthesis of linker molecule L1
13-Bis(2-hydroxyethyl)amino-4,7,10-trioxatridecan-1-yl 1,2-dithiolane-3-valeroylamide (4).
1,1'-carbonyldiimidazole (585 mg, 3.60 mmol) was added to a mixture of -lipoic acid (1) (620 mg, 3.00 mmol) and triethylamine (1.00 mL, 7.20 mmol) in acetonitrile (30 mL), and the mixture was stirred at room temperature for 100 min. A solution of diethyleneglycol bis(3-aminopropyl)ether (2) (2.62 mL, 12.0 mmol) in acetonitrile (30 mL) was added dropwise to the mixture over 15 min, and stirring was continued for a further 60 min. The solvent was removed in vacuo, and the residue was partitioned between CHCl 3 and H 2 O. The separated organic layer was washed 5 times with H 2 O, and then with brine. After drying with Na 2 SO 4 , it was concentrated in vacuo to give 13-amino-4,7,10-trioxatridecan- 
13-Bis(2-chloroethyl)amino-4,7,10-trioxatridecan-1-yl 1,2-dithiolane-3-valeroylamide (L1).
Methanesulfonyl chloride (0.43 mL, 5.55 mmol) was added dropwise to a solution of 4 (920 mg, 1.85 mmol) and triethylamine (1.55 mL, 11.1 mmol) in CH 2 Cl 2 (30 mL) at 0 °C, and the mixture was stirred at 0 °C for 1 h, and then at room temperature for 14 h. The mixture was partitioned between CHCl 3 and H 2 O, and the separated organic layer was washed with H 2 O, followed by brine. The organic layer was dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was purified by using silica gel column chromatography (EtOH in CHCl 3 ) to give L1 (270 mg, 27%) as a pale yellow solid. 
ODN crosslink
Denaturating polyacrylamide gel electrophoresis (PAGE)
The ODN samples were mixed with an equal volume of loading buffer containing 90 mM Tris, 90 mM boric acid, 2 mM EDTA, 12% Ficoll Type 400, 7 M urea, 0.01% bromophenol blue, and 0.05% xylene cyanol. The samples were heated at 70 °C for 3 min and then loaded on a 15% polyacrylamide gel containing 7 M urea (Thermo Fisher Scientific Inc.) with a standard ladder marker (10 bp DNA ladder; Thermo Fisher Scientific, Inc.). Electrophoresis was performed in running buffer containing 89 mM Tris, 89 mM boric acid, and 2 mM EDTA (pH 8.3) at 55 °C. The ODN sample in the gel was stained with SYBR green dye.
Circular dichroism (CD) spectrum measurement
CD spectra were recorded using a spectropolarimeter (J-720; JASCO Corp., Ltd.).
The quartz cuvette had an optical path length of 10.0 mm. A solution was prepared that contained ODN-L1 purified with a desalting column using TE buffer (pH 8.0),
S4
and the spectra were measured at 20 °C. The CD spectra of the samples were corrected by subtracting the corresponding spectra of the buffers in the absence of DNA.
Surface plasmon resonance (SPR) analysis
SPR analysis was performed on a Biacore T200 (GE Healthcare Bio-Sciences Corp.). 
